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Despite modern advances in technology, myocardial protection, and postoperative care, left ventricular dysfunction remains an essential prognostic factor in coronary artery surgery.[1] [2] Off-pump coronary artery bypass grafting (CABG) has theoretical and practical advantages over conventional CABG. The patients best suited for this procedure have not yet been clearly defined, although some studies show that high-risk patients would probably gain the most benefit from avoiding cardiopulmonary bypass (CPB). [3] [4] [5] [6] The aim of this retrospective study was to examine the safety and applicability of off-pump coronary artery bypass (OPCAB) in patients with significant left ventricular dysfunction, and to discuss the clinical implications for the surgical methodology.
PATIENTS AND METHODS

Clinical data collection
The computerized records of 353 patients with an ejection fraction of ≤35% who underwent CABG at Crawford Long-Emory Hospital between January 1, 1999 and December 31, 2001 were reviewed. OPCAB was used in 144 patients and conventional CAB in 209.
The specific surgical procedure was selected by the surgeons, without any randomization, on the basis of their experience and preference.
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Operative technique
General anesthesia was induced according to the institutional protocol (Appendix A). Swan-Ganz catheter and transesophageal echocardiography (TEE) were used for additional monitoring.
In the OPCAB procedures, normothermia was maintained with warm intravenous fluids, heating mattress, and warm operative theater. A stand-by perfusionist was available in all cases. The operation was performed through a median sternotomy. After conduit harvesting, heparin was given in doses of 1.5 to 3 mg/kg, depending on the individual surgeon's protocol, to achieve an activating clotting time (ACT) of ≥300 sec. Values were checked every 30 minutes, and heparin was added, if necessary. The pericard was opened widely and the right pleura was opened to facilitate changes in the heart position without significant hemodynamic changes. Epiaortic ultrasound was performed in every patient. Deep pericardial traction stitches were used according to the surgeon's preference. Stabilization was achieved with a suction device (Octopus 3/4 and Starfish 1 or 2 Medtronic Inc., Minneapolis, MN, USA). Coronary shunts were not used routinely. Reversal of heparin was achieved with 75 mg protamine to achieve an ACT of ≥ 140 sec.
In the conventional CAB procedures, anticoagulation was achieved with 3 to 4 mg/kg heparin to reach and maintain an ACT of >400 sec. CPB was instituted via a single right atrial cannula and an ascending aorta cannula. Standard CPB management included membranous oxygenator, arterial line filters, nonpulsatile flow, and mean arterial pressure above 60 mmHg. Myocardial protection was achieved using antegrade and retrograde cold blood cardioplegia and mild systemic hypothermia. Epiaortic ultrasound was performed in every patient. At the end of surgery, heparin was reversed with protamine.
Statistical analysis
Numerical variables are presented as means ± standard deviations. Student's ttest was used to compare categorical parameters and chi-squared test or Fisher's exact test was used to compare patient characteristics and postoperative complications. A P value of less than 0.05 was considered statistically significant.
RESULTS
The patients' demographic characteristics and preoperative clinical data are summarized in Table 1 . The patients in the OPCAB group were more likely to be female and to suffer from chronic obstructive pulmonary disease, congestive heart failure, hypertension and diabetes mellitus. The conventional CAB patients had more recent myocardial infarctions and tended to suffer more from severe angina pectoris (Canadian class III/IV).
Mean ejection fraction was 28±7% in the OPCAB group and 28±6% in the conventional (on-pump) CAB group. This difference was not statistically significant. The statistical difference in the number of distal anastomoses between the two groups was eliminated as experience with OPCAB and the level of confidence increased.
Postoperative complications, extubation time, and the length of stay are summarized in Table 2 . There was no statistical difference between the groups in early or late mortality or major complications. Mean days follow-up for the OPCAB group was 160 +/-229 with median of 67.5 days, and for the conventional CABG 328 +/-498 days with a median of 101 days.
The OPCAB patients were more likely to undergo extubation earlier and had a lower tendency to develop new renal failure and GI bleeding, resulting in less time spent in the intensive care unit. However, these findings did not reach statistical significance.
DISCUSSION
Improvements in myocardial preservation, monitoring and postoperative care have made CABG much safer than before. [7] Although success rates have risen in patients with left ventricular dysfunction, this population also has a wide variety of co-morbid illnesses, as noted also in the present series, which may complicate surgery and have a detrimental effect on outcome. Furthermore, CBP has several well-recognized practical disadvantages, especially the risk of myocardial injury and systemic inflammatory response, which can lead to multiorgan failure and a need for blood transfusions. In contrast to the global ischemia caused by CAB with cross-clamping and cardioplegic arrest, OPCAB causes only regional ischemia. This may explain its apparent myocardial protective effect, as indicated by the low incidence of myocardial infarction and enzyme leakage associated with this procedure. [14] We, too, noted a statistically significant difference for this factor between the on-pump CAB and OPCAB groups. However, further analysis over time indicated that the difference was related to the learning curve, and was almost completely eliminated as surgeons gained experience with the technique. Indeed, the most recent studies report no statistical difference in the number of distal anastomoses between patients undergoing CAB or OPCAB.
[15] [16] The low incidence of neurological events in patients after both on-pump and off-pump CAB in our series may be attributable to our consistent use of 6/ epiaortic ultrasound to evaluate the ascending aorta. In the presence of a finding of high-grade disease in the ascending aorta, the operative technique was changed accordingly.
For OPCAB to be considered feasible in high-risk patients, its durability, effectiveness, and safety need to be at least equal to that of conventional CAB. Our data, together with recent reports, [ [19] show that OPCAB meets these criteria and potentially benefits patients with left ventricular dysfunction. Furthermore, as opposed to previous reports [17] [18] [19] in which the OPCAB mortality was lower compared to the conventional CABG group, suggesting inherited bias, we noted a similar low mortality between the two groups. This may reflect the balanced, strict and comprehensive institutional approach to this group of patients.
Others report that it has an important cost-saving potential as well. [20] Our study is limited by its retrospective, nonrandomized design. However, no prospective randomized studies on OPCAB vs. conventional CAB in high-risk patients are available as yet. We have found our data valuable, and our initial good results with this procedure have led to a growing trend in its use at our center, especially in high-risk patients. 
